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Abstract
Our study aimed to investigate eff ect of tocilizumab on the lung tissue in the presence of Acinetobacter baumannii infection in immunosuppressed 
rats. A forty-eight female Wistar albino rats were divided equally into eight groups: Group 1: Healthy (H), Group 2: Immunosuppressed (IM), Group 
3: Healthy rats given A. baumannii bacteria (H+BAC), Group 4: Immunosuppressed rats given A. baumannii bacteria (IM+BAC), Group 5: Healthy rats 
given tocilizumab (H+TCZ), Group 6: Immunosuppressed rats given tocilizumab (IM+TCZ), Group 7: Healthy rats given A. baumannii bacteria and 
tocilizumab (H+BAC+TCZ), Group 8: Immunosuppressed rats given tocilizumab and A. baumannii bacteria (IM+BAC+TCZ). Fourteen days after the 
immunosuppression of group 2, 4, 6 and 8 with hydrocortisone, group 3, 4, 7 and 8 were A. baumannii was dropped into the trachea. One hour after 
A. baumannii application, TCZ was administered to Groups 5, 6, 7 and 8. NF-κB, IL-6 and NLRP3 mRNA expressions were decreased in the IM group 
compared to the healthy group (P<0.05). Although NF-κB, IL-6 and NLRP3 mRNA expression decreased in the IM+TCZ group compared to the healthy 
group (P<0.05) NF-κB, IL-6 and NLRP3 mRNA expression increased in the H+TCZ group (P<0.05). Despite decreasing cytokines, A. baumannii has been 
shown to increase infection-related lung injury. This suggests that in patients currently or recently using steroids, tocilizumab may increase organ 
damage due to opportunistic infection.
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Tocilizumab’ın İmmünsüprese Rat Modelinde Acinetobacter 
baumannii’nin Akciğer Enfeksiyonu Üzerindeki Etkisi

Öz
Çalışmamızda, immünsüpresyon oluşturulmuş ratlarda Acinetobacter baumannii enfeksiyonu varlığında tocilizumabın akciğer dokusundaki etkisini 
araştırmayı amaçladık. Toplam kırk sekiz dişi Wistar albino rat sekiz eşit gruba ayrıldı: Grup 1: Sağlıklı (H), Grup 2: İmmünsüprese ratlar (IM), Grup 
3: A. baumannii bakterisi verilen sağlıklı ratlar (H+BAC), Grup 4: A. baumannii bakterisi verilen immünsüprese ratlar, Grup 5: Tocilizumab verilen 
sağlıklı ratlar (H+TCZ), Grup 6: Tocilizumab verilen immünsüprese ratlar (IM+TCZ), Grup 7: A. baumannii bakterisi ve tocilizumab verilen sağlıklı 
ratlar (H+BAC+TCZ), Grup8: Tocilizumab ve A. baumannii bakterisi verilen immünsüprese sıçanlar (IM+BAC+TCZ). Grup 2, 4, 6 ve 8’in hidrokortizon 
ile immünosupresyonundan 14 gün sonra, grup 3, 4, 7 ve 8’e A. baumannii suşu trakeaya transtrakeal yolla enjekte edildi. Grup 5, 6, 7 ve 8’e A. 
baumannii uygulamasından bir saat sonra TCZ verildi. İmmünsüprese grupta (IM) sağlıklı gruba (H) göre NF-κB, IL-6 ve NLRP3 mRNA ekspresyonları 
azaldı (P<0.05). Her ne kadar TCZ verilen IM grubunda (IM+TCZ) NF-κB, IL-6 ve NLRP3 mRNA ekspresyonu sağlıklı grup (H) ile karşılaştırıldığında 
azalmış olsa da (P<0.05) NF-κB, IL-6 ve NLRP3 mRNA ekspresyonu sadece tocilizumab uygulanan grupta (H+TCZ) arttı (P<0.05). A. baumannii 
enfeksiyonunda tocilizumab kullanımı, steroidlerle immünsüprese edilmiş ratlarda infl amatuar sitokinleri önemli ölçüde azalttı. Azalan sitokinlere 
rağmen, A. baumannii’nin enfeksiyona bağlı akciğer hasarını arttırdığı gösterilmiştir. Bu, steroid kullanan veya yakın zamanda steroid kullanmış 
hastalarda tocilizumabın fırsatçı enfeksiyon nedeniyle organ hasarını artırabileceğini düşündürmektedir.
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IntroductIon

Acinetobacter baumannii is an important pathogen 
belonging to the family Moraxellaceae, is a gram-negative, 
non-fermentative, aerobic, oxidase-negative, catalase-
positive coccobacillus [1,2]. Despite being harmless in healthy 
individuals, these bacteria can cause various diseases in 
immunocompromised individuals [3-5]. Due to increased 
antibiotic resistance in recent years, Acinetobacter infections 
have become the most common cause of community- and 
hospital-acquired pneumonia in Asian countries, Latin 
America and European hospitals [6-8]. A. baumannii is also the 
etiological agent of bacteremia, meningitis, endocarditis, 
and urinary system, skin and soft tissue infections. 
The capsule structure, adhesion strength, and biofilm 
formation and secretion systems are among the virulence 
factors of A. baumannii, which affect its role in clinical 
conditions [9-15]. These bacteria can adhere well to medical 
devices and cause pneumonia in patients on mechanical 
ventilators [12,16,17]. Clinically, immunocompromised patients 
are particularly susceptible to A. baumannii infection, 
although the cause of this susceptibility has not been yet 
determined. Therefore, very different strategies should be 
determined in the treatment of immunocompromised 
patients with A. baumannii infection.

In terms of bacterial resistance and difficulties in treatment,  
A. baumannii is one of the most important infectious agents 
that has been a major problem in the last decade. Due to 
its capacity to develop resistance to most antibiotics, A. 
baumannii has recently been classified as a ‘red alert’ human 
pathogen [18]. Another issue that needs to be discussed 
in terms of the current situation is the presence of other 
drugs used by patients in intensive care units. Although 
there are many different drugs used in intensive care 
units, steroids have very strong anti-inflammatory effect 
which can stop the cytokine storm [19]. Glucocorticoids 
are widely used in human and veterinary medicine due to 
their potent non-specific immunosuppressive properties. 
Due to these properties, it is one of the most suitable 
drug groups for making immunosuppression models 
in rats. Steroid use can be considered to cause immune 
suppression through NF-κB and AP-1 or neutrophil 
phagocytic dysfunction. This can increase the risk of 
nosocomial infections. However, previous studies have 
reported conflicting results. It has been determined that 
the downregulation of inflammation due to glucocorticoid 
therapy reduces the growth factors of bacteria, which 
decreases the risk of nosocomial infection [20]. A question 
that requires furthers investigation is how the risk of 
nosocomial infection development or progression occurs, 
especially in intensive care patients using steroids. More 
important is the question of how to treat A. baumannii 
infection in patients who are given steroids or who are 
immunosuppressed for any reason. In many studies, 
susceptibility to and severity of A. baumannii infection was 
significantly higher in immunocompromised mice than in 

non-imminocompromised mice [21]. A. baumannii infection 
activates the host innate immune responses which leads 
to the production of proinflammatory cytokines such as 
IL-6 and IL-1 [22]. Immunomodulators that stimulate host 
innate immunity have potential as stand-alone treatment 
or as immune supportive for A. baumannii infection [22].

Tocilizumab (TCZ) is an immunomodulator that prevents 
IL-6 from binding to IL-6R. It has been shown that the use 
of IL-1 and IL-6 antagonists provides significant benefits 
in hyperimmune diseases such as SARS-CoV [23]. TCZ was 
previously indicated for use in autoimmune diseases, 
and Food and Drud Agency extended its use to cytokine 
release syndrome in 2017 [24]. However, considering the 
available studies, it seems very important to empirically 
show how the use of immunosuppressive drugs such as 
TCZ for cytokine storm would affect the development and 
progression of secondary nosocomial infections in patients 
using that are also using steroids. NF-κB and IL-6 are 
mediators involved in host defense against A. baumannii 
infections. IL-6 is a multifunctional cytokine with both pro-
inflammatory and anti-inflammatory properties. While 
IL-6 released during infection protects the host against 
the agent, its irregular and continuous release can cause 
serious complications and death.

The current study aimed to investigate the effects of TCZ 
use on the lung tissue in the presence of A. baumannii 
infection in immunosuppressed rats at histo-pathological 
and molecular levels.

MaterIal and Methods

Ethical Statement

The experiments were conducted according to the 
ethical norms approved by the Atatürk University Ethics 
Committee of the Experimental Animal Teaching and 
Research Center (No: 2017/88).

Animals

The rats were obtained from the Medicinal and Experimental 
Application and Research Center, and kept in standard 
laboratory conditions under a natural cycle of light and 
dark. Forty-eight female Wistar Albino rats weighing 200-
220 g were used in the study. During the experiments, 
the animals were supplied enough water (ad libitum) and 
pellet feed. Animals were housed in groups in typical 
plastic cages in a well-ventilated room at 22±1°C under 
specific light conditions (14/10 h light/dark cycle) prior to 
the experiment.

Experiment Groups

The rats were randomly divided into eight groups with 
six rats in each group. Group 1, 3, 5 and 7 were comprised 
of rats with normal immunity. Group 2, 4, 6 and 8 were 
immunosuppressed groups via hydrocortisone.
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Group 1: Healthy (H)
Group 2: Immunosuppressed with hydrocortisone (IM)
Group 3: Healthy rats given A. baumannii bacteria (H+BAC)
Group 4: Immunosuppressed rats given A. baumannii 
bacteria (IM+BAC)
Group 5: Healthy rats given tocilizumab (H+TCZ)
Group 6: Immunosuppressed rats given tocilizumab 
(IM+TCZ) 
Group 7: Healthy rats given A. baumannii bacteria and 
tocilizumab (H+BAC+TCZ)
Group 8: Immunosuppressed rats given tocilizumab and 
A. baumannii bacteria (IM+BAC+TCZ)

Acinetobacter baumannii Strain

This bacterial strain was isolated by the the Atatürk 
University Clinical Microbiology Laboratory and placed 
in refrigerator at -70°C until the experiment. On the day 
of the experiment, A. baumannii was dissolved using the 
conventional method and standardized to 1 x 108 CFU/mL 
with sterile physiological saline.

Drug Administrations

- Hydrocortisone Administration

First step of the experiment is that to create immuno-
suppression. Hydrocort-Liyo® 100 mg IM/IV ampoule (Koçak 
Farma Pharmaceuticals and Chemical Industry Inc. Türkiye) 
was dissolved in saline. The rats in immunosuppressed 
groups (Groups 2, 4, 6 and 8) were subcutaneously given 
hydrocortisone at a dose of 20 mg/kg for 14 days and hydro- 
cortisone administration continued until the experiment 
was terminated to the 21st day of experiment [25].

- Tocilizumab Administration

One hour after the A. baumannii application, tocilizumab 
(Actemra 400 mg/20 mL IV Concentrate Vial® The Roche 
Group) was dissolved in saline, diluted and intraperitoneally 
injected to groups 5, 6, 7 and 8 at a dose of 2 mg/kg to each 
rat for seven days (14th day of the experiment to 21st day) [26]. 
At the end of the seventh day (21st day of experiment), 
experiment was terminated.

Rat Model of Acinetobacter baumannii Infection

Fourteen days after the immunosuppression of group 2, 
4, 6 and 8 with hydrocortisone; Group 3, 4, 7 and 8 were 
anesthetized using an intraperitoneal injection of 10% 
chloral hydrate (4 mL/kg). After the rats were placed in the 
supine position, the skin was cut with a cervical midline 
incision. In order to minimize tissue damage, fascia, the 
sternocleidomastoid muscle, and parathyroid glands were 
removed with cotton swabs; and the trachea was surgically 
exposed. An insulin syringe with a sterile 26 G needle was 
positioned intratracheally through the tracheal cartilages. 
In order to confirm that the needle was positioned correctly 

in the trachea, the syringe plunger was withdrawn to make 
sure that only air was observed inside the syringe barrel. 
100 µL of 1 x 108 CFU/mL suspension of A. baumannii was 
dropped to the trachea. After tracheal instillation, the 
animals were kept upright for 5 min, and then left until 
they became conscious [27].

Lung Tissue Collection and Term of Experiment

The mental state, breathing, food and water consumption, 
exercise, temperature, and hair of the rats were observed 
daily, and the survival rate was recorded. On the 21st day 
of the experiment, the rats were sacrificed with diethyl 
ether, and left lung tissue samples were taken and the 
experiment was terminated.

Real-Time PCR

- Total RNA Extraction and cDNA Synthesis

The tissues (20 mg) were stabilized in RNA Stabilization 
Reagent (RNAlater, Qiagen), and then disrupted using 
TissueLyser II (Qiagen). The total RNA was purified using 
the RNeasy Mini Kit (Qiagen) in a QIAcube (Qiagen) 
device according to the manufacturer’s instructions [28]. 
The RNA samples were then reverse-transcribed into 
complementary DNA with the High Capacity cDNA 
Reverse Transcription Kit (Applied Biosystems). The cDNA 
concentration and quality were assessed and quantified 
using the Epoch Spectrophotometer System and Take3 
Plate (BioTek).

- Relative Quantification of Gene Expression

The relative NLRP3 (Rn04244622_m1), IL-6 (Rn01410330_
m1) and NF-κB (Rn01399565_m1) mRNA expression 
analyses were performed with StepOnePlus Real Time 
PCR System technology (Applied Biosystems) using cDNA 
synthesized from rat lung RNA. The real-time reverse 
transcriptase-polymerase chain reaction (qPCR) was run 
using the Primer Perfect Probe mix and the TaqMan Probe-
based technology (Primer Design Ltd., Southampton, 
UK), and the results were expressed as the relative-fold 
compared to the control animals. The gene expression levels 
were normalized by β-actin (Rn00667869_m1) as a house- 
keeping gene. For each tissue, triplicate determinations 
were performed in a 96-well optical plate for both targets 
using 9 mL of cDNA (100 ng), 1 mL of Primer Perfect 
Probe mix, and 10 mL of QuantiTect Probe PCR Master 
mix (Qiagen, Hilden, Germany) in each 20 mL reaction. 
The plates were heated for 2 min at 50°C and 10 min at 
95°C, and then 40 cycles of 15 s at 94°C and 60 s at 60°C 
were applied. All data were expressed as fold-changes in 
expression compared to the expression in other animal 
groups, using the 2-ΔΔCt method [29,30].

Molecular Statistical Analysis

All data were expressed as mean ± SD in each group. All 
data were subjected to one-way analysis of variance using 
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IBM SPSS Statistics 20. All parametric data were analyzed 
with one-way analyses of variance, Tukey’s test. P<0.05 was 
accepted as significant when compared to healthy group.

Histopathologic Examination

Tissue samples taken for the histopathological evaluation 
as a result of necropsy were fixed in 10% formalin solution 
for 48 h. Following tissue processing, the samples were 
embedded in paraffin blocks. 4-µm thick sections were 
taken from each block. The preparations prepared for 
the histopathological examination were stained with 
hematoxylin-eosin (HE) and examined with a light micro-
scope [31]. In the sections examined, the severity of histo-
pathological findings was evaluated as absent (-), very 
mild (+), mild (++), moderate (+++), severe (++++), and 
very severe (+++++) (Table 1, 2, 3, 4).

Statistical Analysis

The Kruskal-Wallis test, one of the non-parametric tests, 
was used for the analysis of the differences between the 
groups for the data obtained semi-quantitatively in the 
histopathological examination, and the Mann-Whitney  
U test was used for the comparison of paired groups. SPSS 
13.0 package program was used for all statistical analyses.

results

Molecular Analysis

It was found that NF-κB mRNA expressions decreased in 
the steroid immunosuppressed group (IM) compared to 
the healthy group (H) (P<0.05). NF-κB mRNA expression 
decreased in the group of immunosuppressed rats given 
bacteria (IM+BAC) compared to the healthy rats given 
bacteria (H+BAC) (P<0.05). It was found that NF-κB mRNA 
expressions decreased in the immunosuppressed group 
given tocilizumab (IM+TCZ) compared to the healthy 
group given tocilizumab (H+TCZ) (P<0.05). NF-κB mRNA 
expressions decreased in the immunosuppression group 
given tocilizumab and bacteria together (IM+BAC+TCZ) 
compared to the healthy group given tocilizumab and 
bacteria together (H+BAC+TCZ) (P<0.05). NF-κB mRNA 
expressions considerably increased in the healthy group 
given tocilizumab and bacteria together (H+BAC+TCZ)  
and in the healthy group given bacteria (H+BAC) compared  
to the healthy group (H) (P<0.05). NF-κB mRNA expres-
sions considerably increased in the immunosuppressed 
group given bacteria (IM+BAC) and in the immuno- 
suppressed group given bacteria and tocilizumab together 

Table 1. Scoring according to the thickening of interstitial tissue in lung tissue sections

Degree of Positivity Presence of Interstitial Pneumonia

Absent (-) No finding of interstitial pneumonia

Very mild (+) Mild interstitial pneumonia in a very small focus in the lung section

Mild (++) Mild interstitial pneumonia in multiple very small foci in the lung section

Moderate (+++) Interstitial pneumonia in the form of a few foci in the lung section

Severe (++++) Interstitial pneumonia in the form of many foci in the lung section

Very severe (+++++) Diffuse interstitial pneumonia in the lung section

Table 2. Scoring according to peribronchiolar cell infiltration in lung tissue sections

Degree of Positivity Presence of Peribronchiolar Cell Infiltration

Absent (-) No mononuclear infiltration

Very mild (+) 1-4 mononuclear infiltrations around one bronchus/bronchiole in the lung section

Mild (++) 5-10 mononuclear infiltrations around one bronchus/bronchiole in the lung section

Moderate (+++) 11-20 mononuclear infiltrations around one bronchus/bronchiole in the lung section

Severe (++++) 20-30 mononuclear infiltrations around one bronchus/bronchiole in the lung section

Very severe (+++++) More than 30 mononuclear infiltrations around one bronchus/bronchiole in the lung section

Table 3. Scoring according to the presence of granuloma in lung tissue section

Degree of Positivity Presence of Granuloma

Absent (-) No granuloma

Very mild (+) 1-2 granulomas in the lung section

Mild (++) 1-2 granulomas in the lung section

Moderate (+++) 3-4 granulomas in the lung section

Severe (++++) More than 5 granulomas in the lung section
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(IM+BAC+TCZ) compared to the immunosuppressed group 
(IM) (P<0.05) (Fig. 1).

It was found that IL-6 mRNA expressions decreased in 
the steroid immunosuppressed group (IM) compared 
to the healthy group (H) (P<0.05). IL-6 mRNA expression 
decreased in the group of immunosuppressed rats given 
bacteria (IM+BAC) compared to the healthy rats given 
bacteria (H+BAC) (P<0.05). It was observed that IL-6 mRNA 
expressions decreased in the immunosuppressed group 
given tocilizumab (IM+TCZ) compared to the healthy 
group given tocilizumab (H+TCZ) (P<0.05). IL-6 mRNA 
expressions decreased in the immunosuppression group 
given tocilizumab and bacteria together (IM+BAC+TCZ) 
compared to the healthy group given tocilizumab and 
bacteria together (H+BAC+TCZ) (P<0.05). IL-6 mRNA 

expressions considerably increased in the healthy group 
given tocilizumab and bacteria together (H+BAC+TCZ) and 
in the healthy group given bacteria (H+BAC) compared 
to the healthy group (H) (P<0.05). IL-6 mRNA expressions 
increased in the immunosuppressed group given bacteria 
(IM+BAC) and in the immunosuppressed group given 
bacteria and tocilizumab together (IM+BAC+TCZ) compared 
to the immunosuppressed group (IM) (P<0.05) (Fig. 2).

It was found that NLRP3 mRNA expressions decreased in 
the steroid immunosuppressed group (IM) compared to 
the healthy group (H) (P<0.05). NLRP3 mRNA expression 
decreased in the group of immunosuppressed rats given 
bacteria (IM+BAC) compared to the healthy rats given 
bacteria (H+BAC) (P<0.05). It was observed that NLRP3 
mRNA expressions decreased in the immunosuppressed 

Table 4. Scoring of histopathological findings in the lung tissues of rats treated for seven days

Groups Interstitial 
Pneumonia

Degeneration of 
Bronchial Epithelia

Peribronchiolar Cell 
Infiltration Granuloma

Healthy - - - -

Immunosuppressed - - - -

H+BAC ++ ++ ++ -

IM+BAC +++ +++ +++ -

H+TCZ - - - -

IM+TCZ + - - -

H+BAC+TCZ ++++ +++ ++++ ++

IM+BAC+TCZ +++++ ++++ +++++ +++

BAC: A. baumannii; TCZ: Tocilizumab; H: Healthy; IM: Immunosuppressed

Fig 1. NF-κB relative mRNA expression. NF-κB mRNA expression levels in 
the lung tissues of all the experimental groups. The relative expression 
levels were calculated by the 2−ΔΔCt method. Each value is mean ± S.D. 
for six samples in each group. All data were expressed as mean ± SD 
in each group. All data were subjected to one-way analysis of variance 
using IBM SPSS Statistics 20. All parametric data were analyzed with 
one way analyses of variance, Tukey’s test. P<0.05 was accepted as 
significant when compared to healthy group

Fig 2. IL-6 relative mRNA expression. IL-6 mRNA expression levels in 
the lung tissues of all the experimental groups. The relative expression 
levels were calculated by the 2−ΔΔCt method. Each value is mean ± S.D. 
for six samples in each group. All data were expressed as mean ± SD 
in each group. All data were subjected to one-way analysis of variance 
using IBM SPSS Statistics 20. All parametric data were analyzed with 
one way analyses of variance, Tukey’s test. P<0.05 was accepted as 
significant when compared to healthy group
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group given tocilizumab (IM+TCZ) compared to the healthy 
group given tocilizumab (H+TCZ) (P<0.05). NLRP3 mRNA 
expressions decreased in the immunosuppression group 
given tocilizumab and bacteria together (IM+BAC+TCZ) 
compared to the healthy group given tocilizumab and 
bacteria together (H+BAC+TCZ) (P<0.05). NLRP3 mRNA 
expressions considerably increased in the healthy group 
given tocilizumab and bacteria together (H+BAC+TCZ), 

in the healthy group given bacteria (H+BAC) and in the 
healthy group given tocilizumab (H+TCZ) compared to 
the healthy group (H)(P<0.05). NLRP3 mRNA expressions 
increased in the immunosuppressed group given bacteria 
(IM+BAC) compared to immunosuppressed group (IM) 
(P<0.05). About NLRP3 mRNA expressions, there was 
no statistical diff erence among the groups of immuno-
suppressed group given tocilizumab (IM+TCZ), immuno-
suppressed group given bacteria and tocilizumab together 
and immunosuppressed group (IM) (Fig. 3).

Histopathological Analysis of Lung Tissues

When the lungs were examined histopathologically, it was 
determined that healthy group (H) and immunosuppressed 
group (IM) had a normal histological appearance (Fig. 
4-A,B). It was determined that the group of healthy rats 
given bacteria (H+BAC) had a mild interstitial pneumonia, 
desquamation of bronchiolar epithelia, lymphocytic cell 
infiltration surrounding bronchi-bronchioles, and vascular 
hyperemia (Fig. 4-C). The group of immunosuppressed 
rats given bacteria (IM+BAC) had a moderate interstitial 
pneumonia, desquamation of the bronchial-bronchiolar 
epithelia, surrounded by mononuclear cell infiltration 
and vascular hyperemia (Fig. 4-D). Statistically significant

difference (P<0.05) was detected when compared to 
group H.

It was determined that the group of healthy rats given 
tocilizumab (H+TCZ) had a normal histological appearance 
of the bronchi-bronchioles and alveoli (Fig. 4-E). The group
of immunosuppressed rats given tocilizumab (IM+TCZ) 
had a very mild interstitial pneumonia (Fig. 4-F). When the 

Fig 3. NLRP3 relative mRNA expression. NLRP3 mRNA expression levels in 
the lung tissues of all the experimental groups. The relative expression 
levels were calculated by the 2−ΔΔCt method. Each value is mean ± S.D. 
for six samples in each group. All data were expressed as mean ± SD 
in each group. All data were subjected to one-way analysis of variance 
using IBM SPSS Statistics 20. All parametric data were analyzed with 
one way analyses of variance, Tukey’s test. P<0.05 was accepted as 
significant when compared to healthy group

Fig 4. Lung Tissue H&E staining. Healthy group (A), Immunosuppressed group (B), Healthy rats given A. baumannii bacteria (C), Immunosuppressed 
rats given A. baumannii bacteria (D), Healthy rats given tocilizumab (E), Immunosuppressed rats given tocilizumab (F), Healthy rats given A. baumannii
bacteria and tocilizumab (G), Immunosuppressed rats given tocilizumab and A. baumannii bacteria (H). Interstitial pneumonia (arrowheads), 
degeneration of bronchial epithelia (thin arrows), peribronchiolar cell infiltration (thick arrows), granuloma (star), H&E, Bar: 50 µm. The Kruskal-Wallis 
test, one of the non-parametric tests, was used for the analysis of the diff erences between the groups for the data obtained semi-quantitatively in the 
histopathological examination, and the Mann-Whitney U Statistical analysis test was used for the comparison of paired groups. SPSS 13.0 package 
program was used for all statistical analyses



Research Article

93

CELEBI, HALICI, CELEBI, AKGUN, KESKIN
CINAR, HALICI, CINISLI, YILDIRIM

healthy group given tocilizumab and bacteria together  
(H+BAC+TCZ) were evaluated it was found that the 
lungs had interstitial pneumonia, lymphoid hyperplasia, 
degeneration of the bronchial-bronchiol epithelium, mild 
granuloma, and hyperemia in the vessels (Fig. 4-G). 
Statistically significant difference (P<0.05) was detected 
when compared to healthy group (H). When the immuno-
suppressed group given tocilizumab and bacteria together 
(IM+BAC+TCZ) were evaluated it was found that the 
lungs had a very severe interstitial pneumonia, moderate 
granuloma, dense bacterial clusters in the middle of 
the granulomas, severe degeneration of the bronchiole 
epithelium (Fig. 4-H). Statistically significant difference 
(P<0.05) was detected when compared to healthy group (H).

The histopathological results of the groups are summarized 
in Table 4. The presence of Interstitial Pneumonia, Peri-
bronchiolar Cell Infiltration and Granuloma in the lung 
tissues are given in Table 1, Table 2 and Table 3, respectively.

dIscussIon

In this study, we investigated the effect of IL-6 receptor 
antagonist on the lungs and systemic inflammatory 
response in healthy and immunosuppressed rats in which 
pneumonia was induced by A. baumannii. When we 
examined our results, we found that NF-κB, NLRP3 and 
IL-6 mRNA expressions significantly decreased in rats 
that were given steroids (group 2, 4, 6, 8) compared to 
the healthy rats (group 1, 3, 5, 7). NF-κB, NLRP3 and IL-6 
mRNA expressions significantly increased in the groups 
in which A. baumannii pneumonia was induced without 
immunosuppression while this increase was significantly 
reduced in the immunosuppressed rats infected with A. 
baumannii. Our results indicate that treatment with IL-6 
receptor antagonists caused a significant decrease in 
systemic inflammatory response in rats with A. baumannii 
pneumonia in the presence of steroid immunosuppression 
compared to the rats with A. baumannii pneumonia 
without steroid immunosuppression. Considering only the 
histopathological analyses, the results were reserved. The 
use of IL-6 receptor antagonist in A. baumannii infection in 
immunosuppressed rats caused significant lung damage 
compared to the rats that were not given the drug.

Lung injury due to A. baumannii infection is a clinical 
condition that causes serious morbidity and mortality. 
Pneumonia infections caused by Acinetobacter have 
been reported to increase the mortality rate to 42% in 
immunocompromised patients treated in the intensive 
care unit [32]. The increased release of immune modulatory 
mediators is required to stop this process and achieve 
recovery. It is important to understand the basics of 
host-bacterial interactions, especially the host immune 
response, for the development of effective treatments 
against A. baumannii, which has recently become the 
leading cause of pneumonia [33]. Different innate immune 

cells such as monocytes, macrophages, dendritic cells 
and natural killer cells have been identified as important 
factors in the body’s defense against A. baumannii, and 
among them, neutrophils represent an important immune 
cell indispensable for the control of infection [33]. With 
the activation of alveolar macrophages in Acinetobacter 
infections, the production of mediators such as IL-6, tumor 
necrosis factor alpha (TNF-α) and NF-κB increase and  
play the main protective role for the host against the 
causative agent [34]. IL-6 is released from infected or 
lesioned cells and recognized by the pathogen recognition 
receptors of immune cells. These receptors consist of 
toll-like receptors, retinoic acid-inducible gene-1-like 
receptors, nucleotide-binding oligomerization domain-
like receptors, DNA receptors, and NOD-like receptors [35]. In 
addition, IL-6 released during infection plays a supporting 
role for the immune system by regulating NF-κB synthesis 
and increasing TNF-α, and IL-1 β mRNA transcription [36]. 
Steroids with a very strong anti-inflammatory effect can 
stop the cytokine storm [19]. However, the use of steroids 
can be considered to lead to immunosuppression through 
NF-κB and AP-1 and by causing neutrophil phagocytic 
dysfunction. This can increase the risk of nosocomial 
infections. However, studies in the literature report 
conflicting results. It has been determined that the down-
regulation of inflammation due to glucocorticoid therapy 
reduces the growth factors of bacteria, which decreases 
the risk of nosocomial infection [37]. In an in vitro study, 
glucocorticoid use downregulated inflammation, and LPS-
activated monocytes were shown to reduce the gene 
transcription of TNF-α, IL-1β, and IL-6 [38]. Similar results 
have been obtained from clinical studies [39]. Studies have 
shown that inflammation caused by infections has 
a bidirectional effect. It is stated that cytokines that 
increase with inflammation can also be a growth factor for 
bacteria [37]. In addition to treatment with many steroids 
in immunosuppressed rat models, among the most 
commonly used methods are those involving the use of 
hydrocortisone [40]. In our study, the immunosuppression 
model was successfully created with the hydrocortisone 
administration. The use of hydrocortisone reduced NLRP3 
expression and IL-6 and NF-κB levels, with the expected 
lung damage remaining lower.

In this study, we showed that especially in A. baumannii 
infections, the reduction of immunosuppression; i.e., 
increased cytokine storm could reduce the prevalence 
of infection and the damage it can cause. However, this 
was not the only focus of our study. In fact, this work was 
an experimental demonstration of problems that exist 
in many intensive care patients and always present a 
difficult time for the clinician. The balance between pro-
inflammatory and anti-inflammatory mediators regulates 
the inflammatory process, which includes adhesion, chemo- 
taxis, phagocytosis of invading bacteria, bacteria killing, 
and phagocytosis of debris from injured tissue. However, 
if this proinflammatory and anti-inflammatory mediator 
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balance is not disturbed, homeostasis can be restored by 
eliminating bacterial invasion. Otherwise, it progresses 
to sepsis, shock, and multiorgan insufficiency due to the 
direct effect of the microorganism, as well as the effect of 
proinflammatory cytokines [31]. Therefore, a well-planned 
anti-cytokine therapy and anti-inflammatory therapy is 
very important. The question was what we would clinically 
face if an IL-6 receptor antagonist was required in a patient 
developed A. baumannii pneumonia when on steroids. We 
demonstrated, both at molecular and histopathological 
levels, that the use of steroids could prevent the 
development of damage due to A. baumannii pneumonia, 
contrary to expectations.

NOD-like group inflammasomes are complexes of the 
natural immune response and they are multiproteins 
released at the time of tissue damage, inflammation, and 
infection. It has recently been stated that inflammasomes 
which are complexes located in the cytoplasm of multiple 
proteins, are responsible for the maturation of pro-
inflammatory cytokines such as IL-1β and IL-18, and the 
initiation of pyroptosis, a highly inflammatory form of 
programmed cell death [30]. Inflammasomes sense either 
microbial stimuli or danger and send protective signals to 
the host. This signaling and regulation are achieved through 
proinflammatory cytokine release or proptosis induction. 
NLRP3 is one of the strongest inflammatory signal proteins 
among inflammasomes. It is one of the most important 
response elements in inflammatory response to acute 
respiratory distress syndrome, sepsis, and many bacterial, 
parasitic, viral, and fungal infections [41]. In individuals 
without immune system disorders, these cytokines are 
regulated, while in immunosuppressive cases, the host 
becomes susceptible to infection with the lack or absence 
of these cytokines. Thus, immunomodulatory therapies 
are seen as a strategy in the combat against A. baumannii 
infections in patients with a weak immune system [42]. 
IL-6, being rapidly produced through pathogen-linked 
molecular patterns or molecules that recognize damage-
dependent molecular patterns, triggers innate immune 
responses in a manner that is controlled by transcriptional 
and posttranscriptional mechanisms; however, the irregular 
continued release of IL-6 has pathological effects leading 
to chronic inflammation and autoimmunity [43].

Damage-related inflammatory response is specific to 
infection, and IL-6 release increases in severe injuries and 
sepsis. Although IL-6 plays a role in protecting the host 
as a proinflammatory response, serious complications 
and even death can be seen as a result of its continuous 
and irregular release. TCZ is a humanized anti-human 
antibody of the immunoglobulin G1 class that prevents 
IL-6 from binding to IL-6R. It has been shown that the use 
of IL1 and IL6 antagonists provide significant benefits in 
diseases presenting hyperinflammation, such as SARS-
CoV [23]. Although TCZ was previously only indicated for 
use in autoimmune diseases, the FDA extended its use to 

cytokine release syndrome in 2017 [24]. In a clinical study, 
it was shown that TCZ was used in 38% of intensive care 
unit-acquired bloodstream infections. This shows that this 
drug, which can play an active role in cytokine storm, can 
also contribute to many infections [44]. However, in the same 
study, it was emphasized that this increased risk could 
further increase with steroid use. There is no information 
about clinical progression in these patients. Therefore, 
the current study was the first to provide an insight into 
the potential results of A. baumannii reproduction in 
patients using both steroids and TCZ. Our results showed 
that A. baumannii pneumonia induced in rats that were 
given steroids could lead to a worse state with TCZ use. 
With these results, we showed that more attention should 
be paid to the immune status and risk of infection in the 
transition to TCZ use in patients using steroids. Our findings 
also indicated that while the use of TCZ with steroids 
suppressed cytokine production very strongly, this sub-
stantially reduced cytokine level led to the inability to stop 
A. baumannii infection and exacerbated lung damage.

In this study, the use of TCZ in the presence of A. baumannii 
infection significantly decreased inflammatory cytokines 
in rats immunosuppressed with steroids. However, despite 
the decreasing amounts of cytokines, A. baumannii was 
shown to increase lung damage due to infection. This 
suggests that in patients with a current or recent use of 
steroids, tocilizumab can increase organ damage due to 
opportunistic infection. Therefore, more care should be 
taken in patients using tocilizumab together with steroids.
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